and by hyperproduction of 1-lactamase (10, 11). Intermediately susceptible strains that hyperproduce 3-lactamase have been termed borderline methicillin susceptible, while other strains have been called low-level methicillin resistant.
I-lactamase appears to be necessary for the expression of borderline susceptibility within certain phage group 94/96 strains, ,B-lactamase production of a comparable magnitude by a group of S. aureus strains belonging to other phage types does not confer borderline susceptibility. These data suggest that borderline susceptibility is not solely due to the hyperproduction of j-lactamase.
Simple, reproducible criteria separate strains of Staphylococcus aureus into three groups on the basis of their susceptibilities to beta-lactam antimicrobial agents: strains that are penicillin susceptible, strains that are penicillin resistant but methicillin susceptible, and strains that are methicillin resistant. Penicillin resistance for strains defined in this manner is conferred by elaboration of P-lactamase, and methicillin resistance is conferred by the elaboration of PBP 2a as well as other factors (6, 13) . Recently, strains with intermediate susceptibilities to methicillin and other antistaphylococcal penicillins have been identified. This phenotype has been reported to be mediated by an altered binding affinity of normal penicillin-binding proteins (PBPs) (20) and by hyperproduction of 1-lactamase (10, 11) . Intermediately susceptible strains that hyperproduce 3-lactamase have been termed borderline methicillin susceptible, while other strains have been called low-level methicillin resistant.
We have described a widespread strain of borderlinesusceptible S. aureus that is phage type 94/96 and that produces very large amounts of the type A variant of staphylococcal r-lactamase. These strains also harbor a novel P-lactamase plasmid, pBW15 (1, 11) . In the present investigation, we examined the association of these determinants (hyperproduction of 3-lactamase, plasmid pBW15, and phage type 94/96) with the borderline-susceptible phenotype. which was obtained during a colonization study of hospital personnel, and RN450, which was obtained from R. Novick, New York, N.Y., were plasmid-free and penicillin susceptible. Reference type A-producing isolates RN11 and PC1 were also obtained from R. Novick. Other type A P-lactamase-producing strains were clinical and surveillance cultures from the St. Thomas Hospital and Vanderbilt University. These strains were phage typed as part of a previous study (11) . S. aureus ATCC 25923 was used as a penicillinsusceptible control. A clinical isolate, MRSA47 (methicillin MIC, -128 ,ug/ml), was used as a methicillin-resistant control strain (Table 1) .
MATERIALS AND METHODS
Antimicrobial agents and media. Antibiotic disks and sterile paper disks were purchased from BBL Microbiology Systems, Cockeysville, Md. Standard powders of penicillin G (Pfizer, New York, N.Y.), cefotaxime (Hoechst-Roussel, Nutley, N.J.), nitrocefin (BBL), and oxacillin and methicillin (Bristol-Myers, Syracuse, N.Y.) were used to prepare sterile antimicrobial solutions for MIC determinations and 1-lactamase and membrane affinity assays. Mueller-Hinton agar, cation-supplemented Mueller-Hinton broth, tryptic soy agar, and brain heart infusion (BHI) agar and broth were obtained from Difco Laboratories, Detroit, Mich.
Susceptibility testing. Broth microdilution and macrodilution MIC determinations and oxacillin zone diameters were determined by the guidelines recommended by the National Committee for Clinical Laboratory Standards (14) . MIC determinations were performed by using broth supplemented with 2% NaCl. Macrodilution MBCs were performed by published methods (19) .
Definitions. All S. aureus isolates were classified as susceptible to penicillin G (MIC, .0.125 ,ug/ml) or penicillin resistant but methicillin susceptible (penicillin G MIC, >0.125 jig/ml; methicillin MIC, -8 jig/ml) by using recommended criteria (14) . Penicillin-resistant but methicillin-susceptible strains were designated BSSA if (i) microdilution MICs of penicillin G were 264 ,ug/ml, (ii) microdilution MICs of oxacillin were 0.5 to 4.0 ,ug/ml, and (iii) zone diameters were 6 to 13 mm using 1-,ug oxacillin disks and Mueller-Hinton agar.
Transformation. Large-scale isolation of plasmid DNA was accomplished by the method of Townsend (22) and purified by density gradient centrifugation in CsCl2. After protoplast transformation, RN450 transformants were selected on DM3 medium containing cadmium sulfate (6 to 8 jig/ml; Sigma, St. Louis, Mo.) (24) and subcultured on BHI agar containing ampicillin at 20 jig/ml. Strain SA2076 was transformed with pBW15 and pC194 (2.9 kb) by congression (16) . Transformants were selected on DM3 medium containing chloramphenicol at 6 jig/ml and were then subcultured onto ampicillin plates as described above. All ampicillinresistant transformants were tested for ,-lactamase production by incubating a suspension of 106 CFU of each strain in 100 jil of nitrocefin (500 jig/ml in 0.05 M phosphate buffer) for 30 min and were screened for plasmids by an alkaline lysis method and with lysostaphin (18) .
Plasmid curing. An overnight BHI broth culture (10 jil) of the desired strain was inoculated into 10 ml of fresh BHI broth and incubated at 20°C with vigorous shaking for 24 h. After five such cycles, 100 jIl of serial dilutions were plated onto BHI agar and incubated overnight. One hundred random colonies were picked onto BHI agar and onto BHI agar with ampicillin at 10 jig/ml. Ampicillin-susceptible colonies were examined by Gram stain, coagulase tested, assayed for ,B-lactamase production, and screened for plasmids.
I8-Lactamase typing and quantitation. Induced suspensions of each strain were prepared, after 14 h of incubation, on 1% CY Tris agar containing methicillin at 0.5 jig/ml (8) . The rates of nitrocefin hydrolysis by P-lactamase were measured by using a DU-70 recording spectrophotometer (Beckman Instruments, Fullerton, Calif.) and were recorded as micromoles of nitrocefin degraded per minute per standard cell mass (A272 = 1.0, or 108 CFU/ml).
Hybridizations. Overnight broth cultures (3 ml) were harvested by centrifugation, resuspended in TES buffer containing 12 We also examined the regulation of the 3-lactamase gene in borderline-susceptible strains. As determined by Northern hybridization, the r-lactamase gene in these strains is inducible (Fig. 1) . Does pBW15 confer hyperproduction of P-lactamase and borderline susceptibility? Since six of the seven ,-lactamase hyperproducers that did not harbor pBW15 were not borderline susceptible and 96% of a select group of borderlinesusceptible strains harbored pBW15 (11), perhaps plasmid pBW15 was crucial for the expression of this phenotype. This was tested by transforming pBW15 in RN450 (derived from phage group III) and SA2076 (phage group 94/96). For transformant SA2076(pBW15), the oxacillin and cefotaxime MICs and oxacillin zone diameter were comparable to those for the borderline strain SA5003, in contrast to the values indicating greater susceptibility obtained for transformant RN450(pBW15). Oxacillin MBCs for SA5003 and SA2076(pBW15) were greater than those for the other strains tested, but the strains were not oxacillin tolerant (Table 2) .
Although susceptibility results differed, RN450(pBW15) and SA2076(pBW15) produced ,B-lactamase at nearly the same level as SA5003 (BSSA), as measured by spectrophotometry (Table 2) .
To be certain of the partial role of pBW15, plasmid-cured derivatives of the borderline-susceptible strain SA5003 were evaluated next. SA5003, when it was cured of the 17.2-kb P-lactamase plasmid, was susceptible to penicillin and oxacillin. However, the oxacillin and cefotaxime MICs were consistently higher for SA5003 cured of pBW15 than they were for the penicillin-susceptible strains ATCC 25923 and RN450. The oxacillin and cefotaxime MICs for SA2076 were similar to those for SA5003 cured of the ,B-lactamase plasmid (Table 2) . Results for RN450(pBW15) cured of pBW15 were identical to those for RN450.
PBP studies. We next attempted to determine whether the relative resistance of the 94/96 phage type strains could be explained by the presence of PBP 2a or other novel PBPs or an altered affinity of the normal PBPs. The mecA gene probe did not hybridize with DNA from strain SA5003. Dot blots of all transformants hybridized with the blaZ probe but not the mecA probe. PBP 2a or other novel PBPs were not detected in the borderline-susceptible strain by fluorography. Comparisons of the beta-lactam-binding affinities of PBPs 1, 2, 3, and 4 from the penicillin-susceptible strain RN450 and SA5003 cured of plasmid pBW15 did not show marked differences for penicillin, methicillin, clavulanate, or cefotaxime (Table 3) .
DISCUSSION
A new subgroup of penicillin-resistant S. aureus that elaborates large quantities of ,-lactamase has been termed borderline methicillin susceptible by McDougal and Thornsberry (10). It was postulated that hyperproduction of 3-lactamase determined this phenotype.
Transfer of ,B-lactamase hyperproduction was shown by the transformation of pBW15 in strain RN450. The transformants, however, did not meet the borderline susceptibility criteria, because these isolates were more susceptible to oxacillin as determined by microdilution MICs and disk diffusion zone size. Apparently, the production of ,3-lactamase in quantities equivalent to those produced by borderline-susceptible strains is not sufficient to confer borderline susceptibility. The inability of ,-lactamase hyperproduction (2, 20, 21) . Although oxacillin and cefotaxime MICs for the borderline strains we tested were higher than those for penicillin-susceptible control strains, a decreased affinity for beta-lactam antibiotics to any of the PBPs could not be demonstrated. These strains could still produce PBPs but with altered functions that were not easily detected by the methods that we used. Several drugs at concentrations increased in increment by two-or fivefold were examined in the binding studies, so if altered binding is present, it probably occurs over a narrow range of concentrations. Such small differences are unlikely to be detectable by drug-binding assays, and if they are found, the importance of such small differences to the mechanism of resistance may be questioned.
Several mechanisms exist that confer intermediate susceptibility to antistaphylococcal penicillins. For the strains that we evaluated, borderline susceptibility is probably a function of I-lactamase plus a small increase in intrinsic resistance. 
